The inception of the whole cell pertussis vaccine wP saw global reduction in reported cases, mortality and morbidity burden to the disease. But 
Introduction
Pertussis disease, also known as whooping cough, is a droplets contagious respiratory disease caused by Bordetella pertussis bacterium, 3 ; 4 . It affects all ages mostly children, 5 ; 6 and has burdened humanity and public health care systems for centuries. French scientist; Guillaume de Baillou pioneered research into pertussis disease in 1578 which attracted the interest of many scientists leading to the development and licensing of pertussis vaccines in 1914 in the United States of America (USA), 6 . The bacteria attaches to the cilia of the upper respiratory tract and produces toxins which damages the cilia, inflames the airways and paralyzes parts of the respiratory cells, 7 ; 8 . Whooping sound may follow bouts of rapid coughing, the toxins produce inflammation in the respiratory tract with mild to severe cough, 9 ; 10 . The most virulent form of the bacteria strain in infants is the B. pertussis pneumonia. According previous studies, the bacteria has complex array of adhesins, aggressins and toxins that are important for colonization, survival and propagation in the human host, 8 ; 11 . Some scientists believe that the organism has the ability to undergo reversible mutations in response to the environment or treatment as part of its sophisticated mechanism, 8 and this has been associated to the recent upsurge of the disease and a possible development of mutated and resistant strains 3 ; 4 The disease is found in humans and all human race have the chance of catching the disease, 7 . The group specific prevalent rates for the (0-1) years age-group and (10-14) years age-group are high, 5 ; 6 . Mortality among children under six years old is the highest 5 . Vaccination and health promotion programmes are believed to be the most effective public health arsenal to preventing and controlling the disease, 12 . Immunization against pertussis is the best window in preventing the disease and an effective and reliable vaccine is the ultimate of researchers and health practitioners. Many countries switched to acellular aP vaccine due to its reduced vaccine related interactions compared to wP vaccine. The disease ISSN: 2520-3134 is once again becoming a public health concern due to increased number of cases in recent years and the resurgence of the disease in many countries. The recent developments raises eyebrows about the efficacy of the current aP vaccine regime, 13 ; 14 ; 15 . The aim of this study therefore is to assess some recent reports and developments on the matter, evaluate how alarming the situation is by comparing the present to the past and the recommendations for roadmap into the future.
Conventional vaccines are developed with either killed or inactivated whole pathogenic cell, extract or part of the pathogenic organism to induce immune response in the host system ( fig. 1) , 16 . It could also be done through the reverse vaccinology path using in-silico computer aided vaccine design approach, 16 . Pertactin (Prn) protein, fimbriae 2 (Fim2) and fimbriae 3 (Fim3) of B. pertussis are virulence factors and immunogens used in some aP vaccines whiles the inactivated whole cells are used in wP vaccine, . The introduction of the whole cell pertussis vaccine (wP) into the mainstream healthcare system led to over 52% reduction in incidence of the disease from 156,517 in 1947 to just 74,715 in 1948 ( fig. 2) in US alone. Other parts of the globe also experience the efficacies of the wP vaccine marked by reduced infection rates; 21 . In 1976, only 1,010 cases of incidence were reported in the United States 22 . Its introduction led to a drastic drop in the outbreak and mortality of the disease by over 90% globally, (WHO, 2015) . In the US alone, there was a drastic drop in the annual reported cases from 120,718 in 1950 to 2,719 in 1991 ( fig. 2) prior to the introduction of the acellular pertussis vaccine (DTaP), 23 . The wP gave immune protection to the individuals well into their teen ages, 24 . The success story of the whole cell vaccine was marred with the reports of severe adverse drug reactions. In the 1990s, the whole cell pertussis vaccine was replaced with acellular antigenic version due to reasons of safety and adverse drug reactions including febrile seizures, high fevers, fainting and unconfirmed reports of brain damage, comas, paralysis and death 25 ; CDC 2015).
aP pertussis vaccine; the present
The pertussis disease is re-emerging in recent years with increasing number of reported annual outbreaks globally despite the high coverage of pertussis vaccination in recent years in many countries . Despite the high coverage, the outcome is not to the satisfaction of recipients and providers. The question is; what could be the cause? Some states and countries have modified their immunization strategy as a step towards solving the puzzle. In the US and UK, adults are vaccinated with pertussis vaccine with recommended boosters for pregnant women, 33 . In 2015, New Zealand modified its pertussis control strategy in hope of reducing the resurgence of the disease, 34 . Chili among other states modified their pertussis control programs in view of the recent resurgence, 35 . Could it also be due to aP vaccine component and efficacy variations among aP vaccines; it was reported in a recent systematic revealed that multicomponent acellular pertussis (aP) vaccine (n ˃ 3) has protection efficacy of 84% to 85% against typical whooping cough, and from 71% to 78% in prevention for mild pertussis disease, 24 . The 1-component and 2-compoonent aP vaccines on the other hand gave much lesser protection against pertussis, with 22-41% odds of getting typical whooping cough and 42% -59% odds of getting mild pertussis disease 24 . Five component aP vaccine has also been reported to have similar effectiveness to wP vaccine whiles 3-component was less effective compared to wP vaccine, 36 .
Waning of immune induced effect of aP vaccine
It has been revealed that aP gives high immune response within the first few years after vaccination, but it decreases sharply after the fourth year of the last vaccination, 37 ; 38 ; 39 . Nicola reported that, after 5-consecutive doses of a 3-component aP vaccine, the vaccine induced immunity wans 27% per year on average, 40 . Long-term follow-up study on vaccinated kids in Sweden by Gustafsson and colleagues revealed a similar pattern of waning and recommended booster dose be administered to children between 4-6 years after last vaccination, 41 . In 2011, Torres and colleagues reported that 86.4% of the incidence cases in the adolescent group were well vaccinated (Torres et al., 2011). In the US, there is more than six ISSN: 2520-3134 fold increase from 7867 in year 2000 to 48,277 in 2012, 32 and according to Eshofonie and colleagues, all the cases of 2012 outbreak in a Rural Texas were fully vaccinated with aP 13 . The alarming rate of reemergence of the disease especially among the vaccinated group raises concerns about the longevity and waning effect of the acellular vaccine, 42 ; 1 . Reduced vaccine effectiveness, waning of vaccine induced protection and new strains/ mutations in the bacterial organism itself cannot be ignored when considering the reemergence of the disease, ( fig. 3) , 43 . 
Reported cases of pertussis
It is estimated that, 24.1 million cases of pertussis and about 160,700 deaths occur in children under 5 years of age per year globally, 29 . In the US alone, Pertussis has been a major concern since documentation begun in 1922 with tens of thousands of annual incidence recorded every year. According to CDC's report in 2012, annual incidence of 107,473 was recorded in year 1922, Over 264000 cases were reported in 1934 ( fig. 2) and 183,866 cases in 1940, 32 . The CDC's 2012 report shows that pertussis disease is once again becoming a public health problem with 92% increase in incidence from the late 1990s to 2011 and beyond 32 ; 13 In recent Valencia outbreak in Spain, about 90% of the pertussis cases had been vaccinated with DTaP vaccine 39 . There was a similar resurgence in New Zealand from 2011 to 2014 despite the over 90% success in DTaP vaccination rate 44 . In 2012, according to CDC's report, reported cases had risen by 17.8 folds from 2,719 in 1991 to 48277 in 2012 in US alone, of which 59% of the 2012 cases had been well vaccinated (CDC, 2012), 45 . We are now witnessing the return of the pertussis epidemic. Surveillance reports from many countries reveals similar pattern about the reemergence of the disease which raises more questions about a possible waning immunity after vaccination with aP and or development of aP resistant strains of the Bordetella pertussis bacteria. Another question is why 9-11year age group in the vaccinated population is prone to the pertussis disease? Other concerns are about the fate of the populace vaccinated and whether it is economical at all to be given multiple shots of aP vaccine.
Possible development of non-susceptible strains
Possible development of vaccine resistant Bordetella pertussis bacteria strain(s) in the fight against pertussis epidermis should not be over-ruled. Research has shown that microbes can reduce permeability or uptake of a drug or vaccine and enhance efflux of the drug/vaccine from their system, . The microbes in this case might increase the quantity of the target protein, enzymes etc so that competitive inhibition will no longer be effective, 46 . Loss of enzymes involved in drug activation, 46 . 
DTaP pertussis vaccine, the future
The whole cell vaccine with a pre-market trial efficacy of 78% proved to be effective during the 50 years of its reign against the disease (1940s-1990s) fig 2; whiles the acellular version with 71%-85% efficacy rate from numerous premarket and post market trials kept losing the fight every year since its inception 25 years ago. Different post market field trials have been conducted around the globe but none did prove aP to be much inferior to wP, . Zhang reported in a systematic review carried in 2011 that multi-component aP vaccine is as effective as wP, but the multi-component aP is more effective than less effective wP vaccine, 54 . In Senegal infants' trials in 1996, Simondon found aP to be safer with higher geometric mean titers for aP to wP, 55 . In some field trials, the pertussis toxoid containing filamentous haemagglutinin and pertactin (Bordetella outer membrane protein) were found to be comparable or even superior in efficacy to the whole cell pertussis vaccine (wP), 56 ; 52 . Is it because the efficacies of accellular aP vaccine is short-live and that the efficacies wans with time compared to the whole cell wP vaccine whose efficacies goes far into the teen age years, 38 ? It is about time attention is giving in finding out the true cause of the recent surge in the incident rate of the pertussis disease. Could it be waning or vaccine resistance strain development? Researchers have found B. pertussis microbe to be a dynamic organism that continues to evolve with emerging new strains . The latest findings indicate that the causal organism is evolving and becoming resistant to the current regime calling for a modification of the current regime or an alternative vaccine. In the future, it is believed that if measures are not taken, pertussis disease will once again take its place among the re-emerged infectious diseases. Public health institutions and health care providers, researchers and the like should give sufficient attention to the disease and the aP in order to provide long term prevention for the disease and if possible eradicate it. As a result of the reemergence of pertussis disease among highly vaccinated children and adolescents, concerns are being raised about the durability of protection afforded by acellular vaccines, waning of the vaccine and a possible development of resistant Bordetella pertussis bacteria strain.
Future research and prevention strategies can reconsider modifying the current aP vaccine with new antigens; preferably multicomponent aP vaccine with reduced adverse vaccine interaction and improved effectiveness, 24 , using a live-attenuated vaccine 59 , altering the current aP vaccination schedule due to ISSN: 2520-3134 waning, 60 , developing a completely new vaccine or returning to the wP vaccine, 60 could be the way into a brighter pertussis-free future ( fig.1, 3) .
Conclusion
The surveillance reports globally reveal that the pertussis disease is taken its place once again in the reemerging infectious diseases. The cause for the slip in protection is still an issue to be considered. It is a known fact that immunity acquired naturally wanes substantially in 7-20 years, 38 and waning pertussis vaccine few years after vaccination is possible. The surveillance data on the outbreak reveals that the severity of the disease is reduced in the vaccinated group compared to the unvaccinated group. This indicates that the vaccination might have helped to reduce the severity and to a certain extent the number of incidence 38 , but the rate of re-emerging is still a major health concern 42 . In considering the developments of the latter days based on the available scientific data, it has become imperative for providers and researchers to reconsider modifying the current aP vaccine with new antigens and/or adjuvants or from 1-3 component types into multicomponent, 24 , using a live-attenuated vaccine 59 , altering the current aP vaccination schedule, 60 , developing a completely new vaccine or returning to the wP vaccine,
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Recommendations
We recommend that pharmaceutical industries and funding agencies can shift their attention into funding field or clinical researches on pertussis vaccine resistant development and to come out with a measure that will once and for all help to eradicate pertussis disease. We also recommend the whole cell vaccine could be revisited by finding ways to reduce the adverse drug reactions to provide better protection with minimal risk or modifying the current regime.
